Epstein-Barr virus (EBV)-encoded Latent Membrane Protein 2A (LMP2A) is an EBV latency-associated protein regularly expressed in nasopharyngeal carcinoma (NPC). In B cells, LMP2A activity resembles that of a constitutively activated antigen receptor, which recruits the Syk tyrosine kinase to activate a set of downstream signaling pathways. LMP2A also downregulates cellular Syk levels. In the present study, we demonstrate that Syk interacts with the integrin β4 subunit (ITGβ4) of integrin α6β4 in epithelial cells and that concurrent LMP2A expression interferes with this interaction by competitive binding to Syk. We find that both Syk and LMP2A have an effect on ITGβ4 cell surface expression. However, in LMP2A expressing cells, ITGβ4 remains concentrated at the cellular protrusions, an expression pattern characteristic of motile cells, including NPC-derived epithelial cells. This effect of LMP2A on ITGβ4 localization is associated with a greater propensity for migration and invasion in-vitro, and may contribute to the invasive property of LMP2A-expressing NPC.
INTRODUCTION
EBV-associated LMP2A is expressed in almost all undifferentiated nasopharyngeal carcinomas (NPC), which are prone to invasion and metastasis. 1, 2 LMP2A is known to modulate these phenotypic properties. Even more, LMP2A was shown to support tumor initiation by expansion of stem-like cell self-renewal. 3 LMP2A contains a signaling immunotyrosine activation motif (ITAM), consisting of semiconserved sequences containing two tyrosines (YXXL/IX [6] [7] [8] YXXL/I), where X denotes nonconserved residues. The phosphorylation of Y74 and the Y85 in the ITAM motif is responsible for binding to the tandem SH2 domains of the protein tyrosine kinases Syk, which is part of the viral strategy to safeguard viral latency by suppressing B-cell activation. 4 In epithelial-derived undifferentiated NPC, much still remains to be elucidated regarding the extent and molecular mechanisms of LMP2A interference with signaling pathways, and particularly concerning the increased migration capacity of EBV-infected epithelial cells and its relation to malignancy.
LMP2A-induced migration of epithelial cells was reported to involve in the activation of the Akt, PI3K, Erk1/2 and PKC kinases. 3, [5] [6] [7] [8] Previously, we have identified a novel component of the LMP2A signalosome, the scaffolding protein Shb, which couples LMP2A to activation of Akt both in B-and epithelial cells. 9 Another finding is that the C terminus of the LMP2 proteins contains a clustering signal, which helps sequestering LMP2 molecules to glycosphingolipid-rich membrane rafts. 10 Indeed, immunofluorescent images of LMP2A in epithelial cells demonstrate a speckled pattern, indicating clusters of LMP2A, which are localized in the membranes of intracellular vesicles primarily. 11, 12 Furthermore, it was shown that epithelial cells express Syk [13] [14] [15] and that LMP2A interacts with Syk in epithelial cells. 6 Integrins are heterodimers of noncovalently associated α and β subunits, each of which is a single-pass type I transmembrane protein. 16 The integrins β1, 2 and 3 have been shown to form a complex with Syk in nucleated blood cells, [17] [18] [19] although the intracellular, cytoplasmic parts of these β subunits do not contain any recognizable Syk binding motifs. Interestingly, integrin β4 (ΙΤGβ4) is predicted to have an ITAM-like motif, designated TAM in non-immune cells and that might be capable of binding to Syk. 20 The integrin α6β4, in general, is regarded as a proinvasive receptor. Moreover, both subunits have been implicated in NPC tumorigenesis. ITGα6 was reported to be upregulated in NPC, 7 while ITGβ4 was downregulated. 21, 22 At this moment, the divergent regulation of ITGα6 and ITGβ4 remains a puzzle, in particular as they function as a heterodimer in NPC. 7 ITGβ4 was shown to be dysregulated in many different tumors. [23] [24] [25] The inactivation of ITGβ4 in mammary gland and gastric carcinoma was due to hypermethylation of its promoter. Interestingly, LMP2A-mediated upregulation of DNA methyltransferases DNMT1 and DNMT3b was shown in EBV-positive gastric carcinoma. 26, 27 In breast cancers, downregulation of ITGβ4 expression was necessary during early stages of epithelial to mesenchymal transition (EMT). 25 Already translated, ITGβ4 can be cleaved by calpains, a cytoplasmic endoprotease. 28, 29 Recently, it was reported that the proteasomal system was involved in ITGβ4 degradation. 30 In addition to being controlled at the expression level, subcellular localization and dynamics of ITGβ4 play an important role in the motility of cells, for example, recycling from the trailing toward the leading edge of the cell. [31] [32] [33] [34] [35] [36] The intracellular domain of the ITGβ4 subunit is essential for the formation of the epithelial adhesive superstructures called hemidesmosomes (HDs). [37] [38] [39] [40] This domain is more than 1000-amino-acid long and contains two pairs of fibronectin type III (FNIII)-like repeats that are separated by a connecting segment (CS). 41 The residues reported to be phosphorylated are located mostly in the CS part. 32, 42, 43 The tyrosines of the putative TAM motif are located in the CS part as well and were found to undergo tyrosine phosphorylation. 20 The importance of phosphorylation of a single Y(1494)1510 was previously described to initiate an array of signaling pathways involved in ITGβ4-mediated tumor growth and invasion, like activation of pErk1/2, Ras, PI3K, Src kinases. 44, 45 However, the tyrosine kinase responsible for phosphorylation of tyrosines Y(1494)1510 remains to be identified.
In the present work, we investigate whether tyrosines Y1492 and Y1510 of ITGβ4 (UniProt KB P16144) indeed establish a TAMlike motif, capable of binding Syk tyrosine kinase. The only difference is the spacing of the canonical tyrosine-containing tetrapeptide motifs: in ITGβ4 located 14 aa apart instead of 7 aa in ITAMs.
Here we show that ITGβ4 is co-precipitated by and co-localized with phosphorylated Syk in epithelial cells and that the TAM-like motif of ITGβ4 and SH2 domains of Syk establish intermolecular interface in the novel protein complex. Our data show that LMP2A competes with ITGβ4 for binding to Syk in NPC cell lines. We also demonstrate that deprivation of Syk from the ITGβ4-Syk complex enhances cell migration. This is in line with the suggested tumor suppressor role of Syk in epithelia. 14, 46 We propose that this molecular mechanism contributes to the migratory phenotype of LMP2A-positive NPC tumors. 3 
RESULTS
Integrin β4 and Syk tyrosine kinase are expressed in epithelial cells of the nasopharynx Transcriptional expression of LMP2A, Syk and ITGβ4 was measured in control nasopharyngeal biopsies (NNE) as well as in biopsies of NPC. As shown in Supplementary Figure S1 , NPC samples were LMP2A positive, with one exception, while all NNE samples were LMP2A negative (primers in Supplementary Table S1 ). Both Syk and ITGβ4 gene were expressed in NPC samples, but expression varied significantly between individuals compared with the ubiquitous, house keeping, cellular gene GAPDH. Similar variability was detected at the protein expression level for these two genes (Figure 1 and Supplementary Figure S2 ). Syk and ITGβ4 proteins are expressed in NNE as well as in biopsies of NPC. Expression of both proteins varied significantly between individuals compared with the GADPH.
We did not detect any correlation between the gene expression levels of ITGβ4, Syk, or the ratio of ITGβ4/Syk, and the NNE/NPC classification of the individual samples. Neither could we demonstrate any significant difference in ITGβ4 or Syk protein expression levels between NNE and NPC biopsies. Although methylation of the ITGβ4 promoter was detected (Supplementary Figure S3 ), we did not find a significant difference in the methylation pattern between NPC and NNE samples. The only strong correlation we observed concerns LMP2A expression with NPC.
Syk physically interacts with endogenous ITGβ4 in NPC cell line; LMP2A interferes with the ITGβ4-Syk complex We further investigated whether endogenously expressed ITGβ4 would associate with Syk in the NPC-derived cell lines TW03 and CNE2. We compared ITGβ4-Syk complex formation in parental cells and in the stably LMP2A-positive TW03 and CNE2 cells (Figure 2a ). ITGβ4 co-precipitates with Syk in both cell lines, but less in cells co-expressing LMP2A compared with LMP2A-negative cells. Tyrosine phosphorylation of Syk bound to ITGβ4 was also significantly reduced in LMP2A-expressing CNE2 cells ( Figure 2b) .
The binding to and phosphorylation of Syk by LMP2A in epithelial cells was shown to depend on its ITAM-motif, which we could confirm (Supplementary Figure S4a ). In addition, we now show that the LMP2A competition for Syk binding to ITGβ4 depends on the same functional ITAM motif. There was significantly less Syk co-precipitated with ITGβ4 when wild-type LMP2A was expressed, compared with cells expressing an ITAM mutant of LMP2A ( Figure 2c ).
The ITGβ4 TAM-like motif binds to Syk The amino-acid sequence around tyrosines 1492 and 1510 in ITGβ4 constitutes a TAM-like motif. Such motifs are known as docking sites for the two N-terminal SH2 domains of Syk ( Figure 3a ). We used two approaches to define the intermolecular surface contacts between ITGβ4 and Syk. First we used a glutathione-S -transferase (GST) fusion protein containing the tandem SH2 domains of Syk, GST-SH2-SH2. To this end, we performed GST-SH2-SH2 of Syk pull-downs from TW03 cells ( Figure 3b ). Only the chimeric protein, which contains the two SH2 domains of Syk (GST-SH2x2 Syk), pulled down ITGβ4. For these experiments, we also used the colon carcinoma cell line RKO, which lacks endogenous ITGβ4 expression. We introduced wildtype ITGβ4 and a double Y/F mutant (in the TAM-like motif ) of ITGβ4 into RKO cells ( Figure 3c ). The GST-SH2x2 Syk chimeric construct precipitated ITBG4 from both the TW03 and RKO cells (Figures 3b and c). Substitution of the two tyrosines in the TAMlike motif of ITGβ4 for phenylalanine at positions 1492/1510 (2xY/ F) resulted in a clear reduction in the efficiency of pull-downs from RKO cells ( Figure 3c ).
In addition we synthesized peptides representing the TAM-like motif of ITGβ4 and performed a series of peptide pull-downs from the cell lines of epithelial origin. Endogenously expressed Syk was found to bind to this peptide motif but only when the tyrosines were phosphorylated. Figure 3d shows the result from a representative peptide pull-down from bladder carcinoma cell line 5637, in which Syk was expressed exogenously. This demonstrates that the TAM-like motif in ITGβ4 can act as a docking site for Syk in in vitro experiments.
Finally, the reciprocal immunoprecipitation was performed in the human epithelial-like HEK293 cells (Supplementary Figure S4b ), known to express low level of ITGβ4. We transfected HEK293 cells with GFP-tagged version of ITGβ4 (wild type and single mutants of the TAM motif) and HA-tagged Syk. ITGβ4 expression was detected in all the HA-Syk immunoprecipitates, but with different efficiency. The substitution at position Y1510F in the TAM-like motif of ITGβ4 produced the most noticeable reduction of Syk binding. 
LMP2A interferes with co-localization of Syk and ITGβ4
We employed confocal microscopy to visualize the spatial distribution of phosphorylated Syk (pSyk), ITGβ4 and LMP2A in parental and LMP2A expressing TWO3 cells ( Figure 4 ). Most importantly, there was a conspicuous co-localization of ITGβ4 and pSyk in parental TWO3, while in the LMP2A-postive cells the co-localization between ITGβ4 and pSyk was markedly decreased, which could be verified by quantitative co-localization analysis (Figure 4d, Supplementary Figure S5b ).
The over all distribution of P-Syk did not differ between the parental and the LMP2A-expressing cells, while the localization of ITGβ4 was affected by the expression of LMP2A. In the parental cells, some ITGβ4 localized to well-spread adhesion lamellae at the cell edges and to basal areas underneath the nucleus reaching Figure S5a ). The LMP2A-positive cells showed accumulation of ITGβ4 into distinct protruding and trailing edges. In these cells LMP2A predominantly localized to the perinuclear area, and any co-localization with pSyk was mainly observed in the cytoplasm. By decomposing the confocal cell picture into its layers, it was evident that co-localization spots primarily localized to the basis of the parental cell, while the LMP2A-positive cells had fewer spots primarily with intracellular localization (Figure 4c ). The redistribution of ITGβ4 in LMP2A-expressing cells from lamellae and adhesion areas to trailing edges most likely reflects a higher turnover of ITGβ4 adhesion structures facilitating cellular migration.
LMP2A affects cell surface expression of ITGβ4
To evaluate the effect of LMP2A on ITGβ4 localization, we analyzed ITGβ4 localization in our TW03-modified cell lines, in an indirect immunofluorescence assay (Figure 5a ). The general cytoskeletal marker, gamma-adaptin, was used as internal standard for comparison with ITGβ4 fluorescence. An analysis of ITGβ4 localization in LMP2A-expressing TW03 cells in comparison (Figure 5b ) is higher than that in the control cells (P o 0.001, three trials were performed). In TW03 cells with knocked down Syk expression, there was a similar localization of ITGβ4, although without the aggregation to dots, typical for the LMP2A-positive cells.
We have further employed FACS analysis in LMP2A-expressing and kd Syk TW03 cells and observed an increase in the cell surface fraction of ITGβ4 both in LMP2A-positive and kd Syk TW03 cells, reflecting the large accumulation at protruding trailing edges (Figure 5c ).
Syk and LMP2A affect migration and invasion of NPC cells
To investigate whether expression of LMP2A or downregulation of Syk affects migration and invasion of epithelial cells, we performed a canonical migration assay on NPC-derived epithelial cells TW03. In (Figure 6b ) a gap closure result for TW03 cells is shown. The three molecules of interest, ITGβ4, Syk and LMP2A, all affected the gap closure. LMP2A-positive cells were as efficient as TW03 kd Syk cells. Both cell lines showed the most efficient gap closure at 24 h after scratching, while TW03 kd ITGβ4 cells showed significantly impaired motility.
We further assessed the invasive capacity of LMP2A-transfected TW03 to compare impact of depletion of Syk, in a Boyden chamber assay (Figure 6c ). LMP2A-positive cells as well as cells with a reduced Syk expression showed an equally increased capacity to invade through the matrigel in Boyden chambers during overnight culture, as judged by cell count after staining with crystal violet of the downside of the insets.
DISCUSSION
It was recently suggested that cellular transformation might be accompanied by a redirection of Syk kinase activity from pathways suppressing migration to pathways more compatible with migration. 47 The data presented here and the work of others suggest that the LMP2A-mediated modulation of Syk provides such a mechanism of the change in cell behaviour. 6, 15, 48 In brief, we have now shown that Syk tyrosine kinase interaction with ITGβ4 regulates epithelial cell migration in in vitro experiments. This depends on binding of the two SH2 domains Syk to the TAM-like motif of ITGβ4. The ITAM-containing LMP2A competes with ITGβ4 for Syk binding and in doing so, co-opts Syk from forming complexes with ITGβ4.
ITGβ4 is involved in neoplastic processes by a wide range of mechanisms. 36 This integrin can be either up-or downregulated depending on the tumor type. [23] [24] [25] Interestingly, LMP2A can interfere with the processes that control ITGβ4 expression. [49] [50] [51] Knock down of ITGβ4 expression in LMP2A-negative TW03 cells resulted in clones with decreased motility, supporting an important role of ITGβ4 in NPC-cell motility. In contrast, epithelial cells where Syk expression was knocked down migrated significantly faster, suggesting a migration inhibitory role of Syk in NPC cells. These data are in good agreement with a recent study showing that Syk activity has a prominent inhibitory effect both on chemotaxis-induced and spontaneous migration of adherent cells. 47 LMP2A can downregulate Syk expression by ITGβ4 binds Syk through its ITAM like motif X Zhou et al recruitment of HECT-domain ubiquitin ligases, as shown in EBVcarrying B cells. 49 In contrast, in NPC samples and our epithelial cell-line models we could not see consistent effects of LMP2A on Syk expression. One cannot exclude that LMP2A-mediated Syk degradation is compartmentalized and thus could not be detected in whole-cell lysates by western blot analysis. Also, the presence of the infiltrating stroma cells might obscure differences. We thought it unlikely that the effects of ITGβ4 or Syk on migration are regulated predominantly at the overall level of expression. Thus, we turned to study the intracellular distribution of these proteins. LMP2a modulation of Syk increased the cell surface localization of ITGβ4. ITGβ4 cell surface delivery depends on a small GTPase Rab11 as well as on kinase activity of the AKT/GSK3β complex. 34 Syk-mediated activation of this signaling pathway has been demonstrated in LMP2A-positive epithelial cells. 5, 9 Syk activation can also mediate local post-translational modifications of microtubular subunits resulting in reduced microtubule stability and impaired transport of intracellular vesicles with a cargo of cell surface receptors. 52, 53 A correlation between cell surface ITGβ4 expression and microtubule stability has been previously reported. 34 Syk activity has been demonstrated to contribute directly to the internalization process of ITGβ4. 54 Thus, Syk affects both antero-and retro-grade transport of cell surface receptors. Our data exemplify this. Both downregulation of Syk (kd) and Syk in the complex with LMP2A resulted in increased cell surface ITGβ4 expression. Unfortunately, it is very difficult to design ways to demonstrate this phenomena in vivo neither in NPC biopsies nor in animal models. The antibody reagents are not efficient for studies of refined protein localization of the endogenous proteins in vivo. Thus, we focused on the mechanistic aspects of the interplay between the proteins in in vitro model cell lines, awaiting technical advancements to be able to study this in in vivo tissues.
The distinctive clustering of ITGβ4 at the cell surface in LMP2A+ cells might be mediated by LMP2A-mediated local Ca 2+ fluxes. It was demonstrated that the polarized distribution of alphaVβ3 integrins in migrating neutrophils is maintained by [Ca 2+ ]-dependent release of the integrin from adhesive structures followed by endocytosis and recycling to the leading edge. 33, 35, 51 Chemotactic migration of carcinoma cells is driven by protein kinase C-dependent relocalization of the α6β4 integrin from hemidesmosomes to actin-rich cell protrusions. 42 Such effects of LMP2A on the membrane expression of cell surface proteins is not without precedent. The increased translocation of integrin αV in epithelial cells 55 and the impairment in BCR complex endocytosis/clearance in lymphocytes are such LMP2A-mediated effects. 56 The change in cell surface localization of ITGβ4 that we observe might also reflect selective effects of LMP2A expression or knock down of Syk on different pools of ITGβ4. One fraction participates in HD formation. Phosphorylation of the connnecting segment of ITGβ4 influences migration by perturbing the dynamic equilibrium of HD towards disassembly. 57, 58 Another ITGβ4 fraction, involved in receptor tyrosine kinase signaling, can be affected by the Syk binding to LMP2A. 36 In this way LMP2A may affect growth factor receptor signalling. For example, cooperation between ITGβ4 and EGFR can induce STAT3 activation. 59 In a similar way, ITGβ4 promotes prostate tumorigenesis by amplifying ErbB2 and c-Met signaling in tumor progenitor cells. [60] [61] [62] LMP2A can induce STAT3 activation 63 via such cooperation or by increased cell surface ITGβ4-expression, which activates STAT3 on its own. 64 We show here that Syk docks to a TAM-like motif of ITGβ4. Expression of LMP2A correlates with increased cell surface localization of ITGβ4 in epithelial cells of NPC origin. We propose that this is a consequence of the competitive binding of Syk to LMP2A. Deregulation, re-localization and activation of Syk caused by LMP2A affect cell surface expression of ITGβ4 in epithelial cells. Such cells show increased migratory activity and invasiveness, which may contribute to the invasive and metastatic characteristic of NPC tumors.
MATERIALS AND METHODS

Patient material
In total, 29 NPC primary tumor biopsies were collected from newly diagnosed and untreated NPC patients at the department of Otolaryngology-Head and Neck Surgery, First Affiliated Hospital of Guangxi Medical University (Nanning, China), with informed consent from donors. The diagnosis was established by experienced pathologists according to the World Health Organization (WHO) classification for NPC. 65 We obtained 18 NNE tissues by tonsillectomy for use as normal controls. In all, 16 NPC biopsies and 6 NNEs were subjected to RNA extraction, 2 NPC biopsies and 2 NNEs were used for DNA extraction, and the remaining 11 NPC and 10 NNE samples were used for protein isolation. Ethical permission for this study was granted by the ethics committee of Guangxi Medical University, as well as from the Karolinska Institutet regional committee.
Cell lines CNE2, TW03, HONE1 cell lines derived from undifferentiated NPC prevalent in Southern China. Colon cancer derived, epithelial cell line RKO, where ITGβ4 expression is virtually undetectable. Human embryonic kidney derived cell line HEK293 with low ITGβ4 expression. Bladder carcinoma derived epithelial cell line 5637. All adhesive cell lines were cultured in IMDM media with 10% fetal bovine serum (FBS) in the presence of streptomycin and penicillin. Cell lines were established by a retroviral transduction. A retroviral stock was prepared from PA317, a packaging cell line, carrying an amphotropic retroviral envelope protein. The LMP2A gene in a retroviral construct is from the pLNPOX vector, which is described in details elsewhere. 10 After 4 days of selection in 4 μg/ml of puromycin (P8833, Sigma-Aldrich Chemie Gmbh, Munich, Germany)-resistant cell clones were grown up and tested for LMP2A expression by a semiquantative RT-PCR and dot blot analysis. For silencing of ITGβ4 in TW03 cells (TW03 kd ITGβ4), the sense-and antisense-strand oligonucleotides 5′-TCGAGGGACTACGACAGCTTCCTTATTTCAAGAGAATAAGGAAGCTGT CGTAGTCCTTTTTGGAAA-3′ and 5′-GATCTTTCCAAAAAGGACTACGACAGCTT CCTTATTCTCTTGAAATAAGGAAGCTGTCGTAGTCCC-3′ were used in a retroviral construct. Single, puromycin-resistant clones with the most efficient ITGβ4 downregulation were selected and used in the experiments. Silencing of Syk in TW03 cells (TW03 kd Syk) was done as described previously. 9 A downregulation of the corresponding proteins was confirmed by western analysis with the corresponding antibodies. A pool of single clones of TW03 cells transformed with scrambled shRNA was used as the shRNA vector control (TW03 kd RNA). For transient transfections of the tagged versions of the wild type and mutant forms of ITGβ4 and Syk, LMP2A was used a transfection reagent Turbofect from Fermentas, according to the manufacturer's protocol.
Expression constructs
Wild-type ITGβ4 was generated by PCR reaction on the GeneID:3691 template and inserted into pMAX GFP vector, so that GFP tag is expressed at the C terminus of ITGβ4. All mutations (ITGβ4 Y1492F, ITGβ4 Y1510F, ITGβ4 Y1492,1510F(2 × Y/F) are introduced into pMAX GFP-ITGβ4 wt backbone by QuickChange Stratagene Mutation kit (Stratagene, La Jolla, CA, USA 
Western analysis
Immunoprecipitations (IP) and immunobloting (IB) assays were performed using standard techniques and described elsewhere. 9, 10 An even load was assayed by analysis of 1/20 part (input) of whole-cell lysate (WCL) for expression of either the house-keeping protein, GAPDH or proteins of interest. Antigens captured in solution were immobilized on Protein A or Protein G PLUS Agarose (Santa-Cruz Biotechnology). Chemiluminescent signals were captured by a CCD camera in a ChemiDoc XRS (BioRad) instrument with ImageLab software. IB images were analysed in Image J program (NIH, Bethesda, MD, USA).
GST fusion protein binding assay
All GST fusion proteins were produced in Escherichia coli BL-21 cells (CGSC, New Haven, CO, USA), purified and used as described. 10, 49 Cellular proteins specifically bound to GST fusion constructs were detected using standard procedures for immunoblotting. Fmoc-aminoacids using FastMoc chemistry on an ABI 375 peptide synthesizer (Applied Biosystems, Foster City, CA, USA). Peptides were deprotected using 99.3% (vol/vol) trifluoroacetic acid containing 0.5% (vol/ vol) water and 0.2% (vol/vol) triisopropylsilane, precipitated with excess t-butyl methyl ether and then purified using C-18 column high performance lieuid chromategraphy (HPLC). The authenticity of the peptide was confirmed by mass spectrometry and amino-acid analysis. To use the peptides as affinity reagents a fivefold excess of biotinylated peptide in 10 mM sodium phosphate, pH 7.5, 150 mM NaCl (PBS) was treated with 100 ml bed volume of streptavidin-agarose resin, (Sigma, Madison, WI, USA) capable of binding 10 moles of biotin, for 30 min at 4°C. The resin was then washed three times with excess PBS. For analysis by immunoblotting, cell lysates in NP-40 buffer were incubated with 20 ml of peptide affinity resin for 60 min at 4°C then washed three times NP-40 buffer. Captured Syk-protein was analyzed by immunoblotting as described above.
Synthesis of specific peptides and affinity protein adsorption
Immunofluorescence/ confocal microscopy
For fluorescence microscopy, cells grown on cover glasses were rinsed once with PBS at 37°C, permeabilized and fixed with 4% formaldehyde for 10 min at 37°C, rinsed twice in PBS and then incubated in icecold methanol for 5 min. The glasses were then rinsed twice with PBS, blocked with 2% BSA in PBS for 20 min and incubated with primary antibody for 60 min at room temperature. The cover glasses were then rinsed twice with PBS and incubated with secondary antibodies. After 20 min of incubation, DAPI was added and the incubation was continued for another 25 min. Alternatively, cells were fixed with 4% paraformaldehyde (PFA) for 15 min, permebealized with 0.5% Triton X-100 for 10 min, blocked with 5% BSA in PBS for 30 min and incubated with primary antibody overnight at 4°C
. The cover glasses were then rinsed with PBS and incubated with secondary antibodies for 60 min at room temperature. Nuclei were stained with Hoechst. The glass slides were rinsed several times with PBS and mounted in Prolong Gold Antifade reagent (Invitrogen). 66 A Leica TCS SP5 Supercontinuum Confocal microscope, equipped with a CCD-camera and Leica Microsystems Image software was used for documentation. Aquired images of individual stacks were merged and further analyzed with the software ImageJ.
Fluorescence cytometry
Cells were collected after overnight in culture by treatment with versen, washed and stained in the presence of 0,1% NaN 3 to stop cell surface protein turnover. Cells were stained after fixation with 4% PFA. Primary ITGβ4 Ab were used at 1:50 dilution in a presence of 10% normal goat serum, for 15 min at RT. Secondary AlexaFluor488-conjugated Abs were used at 1:100 dilution for 15 min at RT. The staining was performed in the absence of detergent to prevent leakage of antibody into the cells. Fluorescent signals were acquired on a FACSCalibur in a CellQuest Pro program.
Migration (scratch) and invasion (Boyden chamber) assays
Cells were cultured on 10 cm diameter petri dishes for 24 h until they reached a 80% confluence. Scratches (three per a dish at least) were marked and scored in each dish after 24 h. Gap closure was photographed at noted times by a phase-contrast microscope (Olympus, Hicksville, NY, USA), with use of a DeltaPixInvenio camera and a program DpxViewPro. Invasion assay was performed in a BioCoat Matrigel Invasion Chamber (354480, BD Germany). Invasion was stimulated by a gradient of fetal bovine serum, FBS (from 0.1% in the upper till 10% in the lower chamber).
